Introduction
Observing the course of the azygos vein (AV) during operation of the esophagus or posterior mediastinum is critical, as accurate knowledge about the course of the vein leads to safer operations. The course of the human AV has been described in various ways in reports and anatomical textbooks. Most authors describe AV as running on the right side of the midline of the vertebral column [1] [2] [3] [4] [5] [6] . On the other hand, Bachman et al. [7] , Stauffer et al. [8] , and Schwartz et al. [9] describe AV as being situated more to the left, being practically a midline vessel. In addition, in their textbooks, Agur and Dalley [10] and Strandring [11] describe AV as being located near the midline. However, several authors report on AV displacement to the middle and left side of the vertebral column [12, 13] . Nathan indicates that osteophyte-related asymmetrical development of the vertebral bodies may cause the deviation of AV by pushing it to the left [12] . Kagami and Sakai suggested that the left shift of AV is caused by the aging process [13] . In addition, Bales reported that the point of maximum inflection (extreme left point) of the AV course coincides with large left-toright crossover connections, and argued that these crossover veins may exert a leftward traction on AV over time, presumably resulting in a gradual shift [14] . We believe that the left shift of AV may be caused in part by the aging process. However, studies to date have failed to establish a causal relationship. Therefore, the aim of this study was to better understand the relationship between the displacement of the AV course and aging.
Materials and Methods
Forty-seven adult cadavers (28 from the School of Medicine and 19 from the School of Dentistry of our university) were dissected in 2014. We examined AVs Okajimas Folia Anat. Jpn., 92(1): 7-10, May, 2015 Corresponding author: Akira Saito, Department of Anatomy, Showa University School of Medicine, 1-5-8, Hatanodai, Sinagawa, Tokyo 142-8555, Japan. E-mail: asaito1205@med.showa-u.ac.jp of all cadavers, and the hemiazygos veins (HV) and accessory hemiazygos veins (AHV) of the 28 cadavers from the School of Medicine. We grouped the cadavers as follows: type 1 had AV, HV, and AHV; type 2 had AV and HV; type 3 had AV and AHV; and type 4 had AV only. The AV course was documented by digital photography in the anterior midline view, normal to the vertebral column. A straight line was drawn down the midline of the vertebral column on each photograph. The right position of the AV course was defined as when the AV's extreme left edge under the arch of AV did not touch the midline; a left shift of the AV course was when AV's right edge at the extreme left shifting point did not touch the midline; the others were defined as midline shifts. When a left shift of AV was observed, the length of the long axis direction of AV matching the definition was measured by calculating the number of vertebral bodies under AV. We truncated the decimal points. For example, Figure 1 shows that AV is left-shifted, and the length of the AV left shift is three vertebral bodies. We also investigated whether a crossover vein between AV and HV, or between AV and AHV at the extreme left shifting point, existed, and whether osteophytes could be observed along the vertebral column.
Informed consent was received from each donor and donor family, and our university has permission to explore cadavers for education and research.
Data were expressed as means ± SD, and all statistical analyses were performed using JMP version 11.0 (SAS Institute Inc.). A probability (P) value less than 0.05 was considered statistically significant.
Results
There were 19 male cadavers and 28 female cadavers with an age range of 68-98 years and with a mean age of 84.7 ± 8.6 years. All 47 cadavers had AVs. There were 18 type 1 cadavers (67%), six type 2 (22%), three type 3 (11%), and no type 4 cadavers; one cadaver remained unclassified because of pleura thickening.
No cadavers had a right position of AV, three cadavers (6%) had middle-shift AVs, and 44 cadavers (94%) had left-shift AVs. The mean length of the AV left shift was 3.9 ± 1.8 vertebral bodies. A weak positive correlation between age and the length of the left shift was observed (r = 0.3061, P = 0.0364), and the older the cadaver, the greater was the length of the left shift (Figure 2 ).
There were 30 cadavers (64%) whose crossover veins between AV and HV or between AV and AHV were at the extreme left shifting point. A significant difference was observed in the mean age between the group that had crossover veins and the group with no crossover veins (86.5 ± 9.3 vs. 80.9 ± 6.9 years, P = 0.0427); however, there was no significant difference in the length of the AV left shift between these two groups (3.8 ± 1.8 vs. 3.8 ± 1.3 vertebral bodies, P = 0.9602) ( Table 1) .
Twenty-four cadavers (51%) had osteophytes along their vertebral columns, and there was no significant Table 2 ).
Discussion
The results of our study demonstrate that 94% of AVs run on the left side of the midline of the vertebral column, there is a weak positive correlation between age and the length of the AV left shift, and the length of the left shift becomes longer by age.
The types of AV, HV, and AHV were apparently variable compared with those reported by Hatta, Aoki and Ichimaru, Tokutome, and Murakami et al. [15] [16] [17] [18] . We were unable to identify any trend because of the diversity in the existence of HV and AHV (Table 3) .
Comparing infant and adult bodies, Kagami and Sakai suggested a relationship between AV left shift and age, since adult bodies tended to have left-shifted AVs [13] . It is important to observe all generations to understand how the aging process impacts the AV course. However, because it was not possible for us to do this in the present study, we investigated the literature. Sarnowska et al., Nathan, Kagami and Sakai, and Rokutanda examined fetuses and infants less than 6 months of age [19, 12, 13, 20] . Their ratios of AV middle shift were 9%, 15%, 40%, and 68%, respectively. Similarly, their reported ratios of AV left shift were 0%, 15%, 0%, and 2%, respectively. On the other hand, Tokutome, Tateshi, and Kagami and Sakai examining adults reported the ratios of AV middle shift to be 96%, 64%, and 11%, respectively, and the ratios of AV left shift to be 4%, 18%, and 85%, respectively [17, 21, 13] . Averaging these data with those obtained in the current study, it appears that older bodies tend to have more middle-and left-shifted AVs (Table 4) .
In the present study, we quantified the length of AV left shifts, and determined the relationship between age and the length of AV left shifts, and we believe that this is the first study of its kind. We identified a weak positive correlation between age and the length of AV left shifts, to the best of our knowledge, this is the first statistical evidence of this correlation. We believe this correlation is rooted in the fact that the mean age of the cadavers examined in this study was much higher compared with ones examined in past reports, and we were able to examine an adequate number of older cadavers to derive a statistically significant correlation, despite it being weak.
Regarding the reason for the AV left shift, Bales reported that crossover veins may exert a leftward traction on AV over time, resulting in a gradual focal shift [14] . We hypothesized that aged cadavers had a tendency of having crossover veins at the extreme left shifting point of AV, which may cause a left shift of the entire AV by its traction. The results of our study demonstrate a significant difference in the mean age between patients with crossover veins and those without, but there was no significant difference in the length of AV left shift between these two groups. Therefore, we were unable to prove that crossover veins were responsible for left shifting of the entire AV.
On the other hand, Nathan indicated that asymmetrical development of vertebral bodies due to the presence of osteophytes may cause deviation of AV to the left [12] . Therefore, in this study we examined the relationship between AV left shifts and the presence of osteophytes, but we were not able to identify any significant relationship.
In conclusion, our study suggests the possibility of AV displacement to the left being, at least in part, a result of aging. However, the direct reason is still unclear, and studies of all generations, including infants and younger adults, will hopefully clarify this relationship. 
